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A THEORETICAL AND EXPERIMENTAL STUDY OF PLANING SURFACES INCLUDING EFFECTS
OF CROSS SECTION AND PLAN FORM'!

By CrarLEs L. SHUFORD, Jr.

SUMMARY

A summary is given of the background and present status of
the pure-planing theory for rectangular flat plates and V-bottom
surfaces. The equations reviewed are compared with experi-
ment. In order to extend the range of available planing data,
the principal planing characteristics for models having sharp
chines have been obtained for a rectangular flat and two V-
bottom surfaces having constant angles of dead rise of 20° and
40°.  Planing data were also obtained for flat-plate surfaces
with very slightly rounded chines for which decreased lift and
drag coefficients are obtained. ]

A revision of the theory presented in NACA Technical Note
3233 1is presented for the rectangular flat plate. The revised
theory bases the aerodynamic suction effects on the total lift
rather than solely on the linear component. Also a crossflow
drag coefficient which is dependent on the shape of the chines
was found from experiment to be constant for a given immersed
cross section; however, for surfaces, such as those having
horizontal chine flare or vertical chine sirips, the crossflow
drag coefficient 1is constant only for the chine-immersed condi-
tion. The theory ts extended to include triangular flat plates
planing with base forward and V-shaped prismatic surfaces
having @ constant angle of dead rise, horizontal chine flare, or
vertical chine strips. A method is also presented for estimating
the center of pressure for surfaces having either rectangular or
triangular plan form. The results calculated by the proposed
theory have been correlated only with the data considered to be
pure planing; however, for conditions not considered pure plan-
ing, a method is given for estimating the effects of buoyancy.
The agreement between the results calculated by the proposed
theory and the experimental date is, in general, good for
calculations of pure-planing lift and center-of-pressure location
for flat plate, V-bottom, and related planing surfaces.

INTRODUCTION

Recent developments in water-based aircraft have resulted
in configurations utilizing planing surfaces operating at
angles of trim, length-beam ratio, and Froude number
beyond those for which most of the available planing theories
were correlated with experimental data. In reference 1
o preliminary review of these theories for & pure-planing
rectangular flat plate was made to determine whether
available planing theories were adequate in estimating the

1 Bupersedes NACA Technical Note 3839 by Charles L. Shuford, Jr., 1957,

planing lift in these extended ranges. In addition to this
review, a modification and addition to existing theory which
is useful in predicting the lift and center of pressure for
pure-planing rectangular flat plates was presented.

The review in reference 1 indicated there were no data
available in the extended ranges of combined high trim and
high length-beam ratios; consequently, the principal planing
characteristics for models having sharp chines have been
obtained in these extended ranges for a rectangular flat and
two V-bottom surfaces. It was also noted in reference 1
that there was a difference in the lift coefficients obtained
from various experimental investigations; therefore, data
have been obtained for rectangular flat-plate surfaces having
very slightly rounded chines to determine the influence of
slight differences in construction at the point of flow separa-
tion on the lift coefficient.

The review of existing theories and data has been extended
to include those applicable to V-bottom surfaces. The
theory presented in reference 1 for estimating the lift and
center-of-pressure location of a pure-planing rectangular
flat plate has been revised and extended to include triangular
flat plates planing with base forward and V-shaped prismatic
surfaces having a constant angle of dead rise, horizontal
chine flare, or vertical chine strips. Since water-based
aircraft operate at low Froude numbers as well as high
Froude numbers, an-approximate method has also been pre-
sented for estimating the effect of buoyancy on lift coefficient.

SYMBOLS
A aspect ratio, £
A, ratio of maximum beam to overall length (see
fig. 40)
b beam of planing surface, ft
Cop ~ drag coefficient based on square of beam, %
Cp.e crossflow drag coefficient
(Cp.0)s=0 crossflow drag coefficient for & cross section
having an effective angle of dead rise of 0°
Cos drag coefficient based on principal wetted area,
D
S
Op,g induced dra.g coeﬂicient, GL,S tan =
C; skin-friction coefficient, Cp s—Cr g tan =
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1ift coefficient

Lift coefficient due to buoyancy,%, (see eq. (31))

lift coefficient based on square of beam, %,

lift coefficient based on prmclpa.l wetted ares,
L
oS

1lift coefficient due to buoyancy based on total
wedge-shaped volumetric displacement of the

LVol
S (see eqs. (28) to (30))

planing surface,

. Vv

speed coefficient or Froude number, —

. Vgb
drag of planing surface, 1b

" dead-rise function (apphéd only to crossflow

term, see fig. 2)

acceleratlon due to gravity, 32.2 ft/sec?

dead-rise function (applied only to linear term,
see fig. 1)

lift of planing surface, 1b

lift due to buoyancy, 1b

lift due to buoyancy based on total wedge-
shaped volumetric displacement of the plan-
ing surface, 1b

length of planing surface, ft

chine wetted length, ft

keel wetted length, ft

mean wetted length (distance from aft end of
planing surface to the mean of the heavy

"spray line), ft
center-of-pressure location (measured forward

of trailing edge), ft

nondimensional center-of-pressure location

-

normal force, 1b

free-stream dynamic pressure, %pV’, Ib/sq ft

Reynolds number, VZT“

principal wetted area (bounded by trailing
edge, chines, and heavy spray line), sq ft

horizontal velocity, ft/sec

angle of dead rise, radians unless otherwise
stated

effective angle of dead rise (angle between a
straight line drawn from keel to the chines
and the horizontal), radians unless otherwise
stated

basic angle of dead rise (angle between V-
shaped portion of model and a horizontal line
perpendicular to keel), radians unless other-
wise stated

mass density of water, slugsfcu ft

trim (angle between planing bottom and hori-
zontal), radians unless otherwise stated

kinematie viscosity, sq ft/sec

9 used to indicate various terms in equations for

1ift coefficient

REVIEW OF EXISTING PLANING-LIFT THEORY

In reference 1 the pure-planing lift equations for rectangu-
lar flat plates presented in references 2 to 11 were reviewed
and compared with experiment. In addition to lift theories
for rectangular flat plates, the present review considers V-
shaped surfaces having a constant angle of dead rise and
V-shaped surfaces having horizontal chine flare. )

Since publication of reference 1, Farshing (ref. 12) pre-
sented a cubic equation for the lift on rectangular flat plates
derived from g consideration of deflected mass and based on
an effective angle of attack. The equation has the form
C2+1(2.292—1.571.4) r—2.379 — A] O+

[2A+4+ (6.283.4—4.584)7]C,—6.2834r=0 (1)

However, the lift coefficient obtained from equation (1) was
multiplied by an empirical factor to get better agreement with
experimental data; thus,

OL.S= OLE (2)

£=1.359—tanh (%;3)

where
(2°=7518° 3

(18° S 75 30°)
4

£=1.350— ta.nh(l >+< 9018°> tanh

" and 7 is measured in degrees.

P. R. Crewe of Sanders-Roe Ltd. (British) in correspond-
ence with the Langley Laborsatory proposed an equation for
rectangular flat plates and a V-shaped surface having a basic
angle of dead rise of 20° and horizontal chine flare that had
a linear term with a form analogous to airfoil lifting-surface
theory. This equation, based on the data of Kapryan and
Weinstein (ref. 13), is

Cis = sin 7 cos 7 8 ( 6“"‘"+
" 144 /1+( A)
2 sin 7— B sin? —r:l ()
where
B=2.67 (A4<2.0)
B=3.0 (4>2.0)

and Byas1. 18 the basic angle of dead rise in radians for a model
having horizontal chine flare.

In reference 14, Korvin-Kroukovsky, Savitsky, and
Lehman proposed an equation for rectangular flat plates and
V-shaped surfaces having a constant angle of dead rise that
was derived primarily on the basis of the data of Sottorf
(ref. 15) and Sambraus (ref. 16). This formula can be

written as
g 1.1-70.6
O s=0.012(57.37)1-1A°5—0.0065(57.38).4 0'0122;7.337) ]
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Locke (ref. 17) proposed that the lift characteristics of
rectangular flat plates and V-shaped surfaces having a
constant angle of dead rise can be presented by a power
funetion of the form

OL.3=0.5 (1—%;5 KT’ (7)

where K and # depend only on aspect ratio and are obtained
from curves given in reference 17.

Schnitzer (ref. 18) presented an equation for rectangular
flat plates and V-shaped surfaces which was derived from a
consideration of two-dimensional deflected mass and was
modified for three-dimensional flow by Pabst’s empirical
aspect-ratio correction factor (ref. 19) and Bobyleff’s flow
cocfficients presented in reference 20. The equation can be
written in the form:

bs=A¢cos? rsin v {E [(%—1) tan B:r+

B (é—k tan r—

fon B)} ®)

The term ¢, which is dependent on aspect ratio, and the
term B, which is dependent on angle of dead rise, are given
in references 19 and 20, respectively. For the case of a
flat-plate planing surface, equation (8) reduces to

Crs=¢ (% sin 7 cos? 74-0.88 sin? 7 cos r) 9
In reference 21, Brown presented empirical equations

based on deflected-mass considerations for rectangular flat
plates and V-shaped surfaces having a constant angle of

dead rise, The equations for a flat plate can be written in
the form:
27
Cp,5=—— ———  (aSH)  (0)
cot §+7r+<2 cot §—1r>——’"
and

T, s={(1.67 sin 7-4-0.09) sin 7 cos 7 (1—l—b— +

2r
3 cot

b

MR

For a surface having a constant angle of dead rise,

0;,,3=3.6£b’5 cot?8 sin®r(1—sin 7) cos 7 =) (12)

and
’,,,3=[1.67<1—%ré sin -r+0.09:| sin 7 cos 7 (1—%ﬂ>+
k

0.9é-sin 7(1—sin 7) cos®r

l (lk g. lk. a’) (13)
4

620507—00~—23

375

where

lk,.,,=g-cot T tan B (14)
which is defined as the critical keel wetted length. For
surfaces having a constant angle of dead rise and a transverse
step, the critical keel wetted length is defined as the keel
wetted length at which the stillwater line passes through
the rearmost point-of the chine. For the flat plate the value
of the critical keel wetted length was assumed, after analysis
of experimental data, to be equal to the beam.

PROPOSED THEORY
LIFT

In reference 1 an equation for the lift on a rectangular
flat plate was developed from a consideration of linear and
nonlinear components of lift (an approach generally used in
low-aspect-ratio and slender-body airfoil theory). In the
present report this equafion is revised and extended to
include V-bottom surfaces. The equation is divided into
three parts: (1) a reasonably accurate approximation to the
linear components of lift is made; (2) a method for calculating
the crossflow effects is presented; and (3) an estimation of
the aerodynamic leading-edge suction is made.

Linear term.—The linear term is determined in refer-
ence 1 from & consideration of the lifting-line theory and is
given by

0.574+

Cor=Tya

(15)
This relation gives the linear component of lift on a pure-
planing flat plate.

In references 3 and 18, a dead-rise function was determined
from a consideration of an iterative solution made by

"Wagner (ref. 2) for the impact force on a V-bottom surface

immersing with a constant vertical velocity. The dead-rise
function can be written

o-(-2)(52)

This dead-rise function (developed for application to equa-

" tions derived from virtual mass concepts) does not correlate
‘well with experiment when applied to equation (15) for

angles of dead rise above approximately 25°. Therefore,
another dead-rise function 1—sin B, which correlates well
with experiment up to angles of dead rise of 50° is used;
thus,

0,-,.,=°—i5% (1—sin 8,) 16)

This expression is for the linear component of lift on rec-
tanguler flat and V-bottom planing surfaces. A comparison
of the dead-rise function 1—sin S, with the dead-rise function

based on Wagner’s solution is given in figure 1.
Crossflow effects.—For a simple theoretical considera-

tion of the crossflow effects, the velocity component perpen-
dicular to the surface of a flat plate is assumed to be of the
magnitude V sin 7. The flow is projected into components
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perpendicular to and parallel to the planing surface, and the
drag force associated with the flow perpendicular to the
planing surface is calculated. The normal force on & ﬂat
plate, therefore, is

N=0p,, g S(V sin 7)*

Then
CL.3=CD'¢ SingT COS 1 A (17)

is o lift coefficient due to crossflow effects, and is proportional
to sin?s. ‘This relation is the concept presented for airfoils by
Betz in reference 22. The crossflow drag coefficient Cp,.
used in this elementary derivation of the crossflow term was
assumed in reference 1 to be one-half the value Cp =2 gen-
erally used for aerodynamic surfaces. The value of Cp.
is known to vary with the shape of the cross seetion and to be
gensitive to local shape at the edges. Since the theoretical
determination of these effects is very difficult and the simple
cases which have been solved have not correlated with ex-
periment, the analysis of suitable experiments will generally
provide the easiest and most accurate method of determining
Ob,

For the case of the V-bottom the theoretical effect of dead
rise is given by Bobyleff in reference 20 for a bent lamina, the
section of which consists of two equal straight lines forming
an angle. Bobylefi’s flow coefficient, which can be approxi-
mated by cos g, (see fig. 2), represents the ratio of the result-
ant pressure on & V-bottom to that experienced by a flat
plate of the same beam in normal flow; thus,

2

(18)

Cr.4=(Cp,c)p =0 SID’7 cOS T COS B,

which is the crossflow component of lift.

Suction component of lift.—An airfoil has a suction com-
ponent of lift due to the large negative pressures produced
by the flow around the leading edge of the airfoil; however,
for & planing surface where there is no flow around the lead-
ing edge, this suction does not appear. In the strictest sense
the suction component of lift should be based only on the
linear term (see ref. 1); however, comparison of experiment
with theory indicates that better agreement is obtained if the
suction component of lift is based on Cy 2+ Cr 4. Therefore,
the 1ift is less than that predicted by equations (16) and (18)
by an amount

OL,5= (OL,2+ C’L.{) SiIlgT (19)

Total lift.—The total lift on pure-planing surfaces can be
obtained from the sum of the linear component of lift (eq.
(16)) and the crossflow effects (eq. (18)) minus the suction
component of lift (eq. (19)); thus, by combining terms

Cr.s= Oliir cos’r (1—sin ﬁ,):l—[— 20
[(Cb,c)s =0 cos’r sin®r cos B]
CL.-S= OL. B+CL,7
where i ‘
OL,6=(—)% cos?r (1—sin 8,) ) (21)
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and
Cra=(Cp.:)8,=0 cqs’-r sin®r cos f, (22)

For equation (20) to predict adequately the lift on triangu-
lar surfaces planing with base forward, it has been necessary
to define the aspect ratio as the ratio of maximum beam to
overall length; that is, 4,=b/l.

APPLICATION OF LIFT THEORY

In order to use equation (20) to predict the lift of planing
surfaces, only the determination of the proper value of Cp, . i8
required. Values of Cp . for various chine configurations for
which experimental data are available are presented in
figure 3. For a given model Cp,, did not vary with trim or
length-beam ratio. Also it can be seen that, as long as the
angle of dead rise was constant for the entire beam, Cp,
did not vary with the angle of dead rise.

Rectangular flat and V-bottom surfaces having a constant
angle of dead rise.—The crossflow drag coefficient for the
sharp-chine models was determined from. tests (from ref.
23 and data presented in the present report) to be 4/3. This
value is two-thirds the value given for a two-dimensional
flat-plate airfoil; thus, from equation (20)

0.
Co=SiT

The relative magnitudes of the total lift (eq. (23)), the
total lift before removal of lift due to leading-edge suction

(eq. (16) plus eq. (18) with C’D_¢=§->, and the crossflow term

cos?r(1—sin Bc)+% sin?r cos®r cos B, (23)

(eq. (22) with OD,C=§>is shown in figure 4 for surfaces hav-

ing angles of dead rise of 0°, 20°, and 40°.

Horizontal chine flare.—The total lift on a pure-planing
V-shaped prismatic surface with horizontal chine flare similar
to the models shown in figure 5 can be determined from equa-
tion (20). The crossflow drag coefficients Cp,, determined
from date presented in references 13, 24, and 25 are given
in figure 3.

Vertical chine strips.—The total lift on a pure-planing
V-shaped prismatic surface with vertical chine strips similar
to the models shown in figure 6 can be determined from
equation (20). The crossflow drag coefficients determined
from the data presented in references 25 and 26 are given
in figure 3.

Triangular flat plate.—The total lift on a pure-planing
triangular flat plate planing with base forward can be esti-
mated from equation (23) if the aspect ratio is defined as the
ratio of the maximum beam to the overall length or .4,=b/l;
thus,

0.57TA1T
1+4,

CENTER OF PRESSURE

Cps= cos’r—l—% cos®r sin®r (24)

The center of pressure on & planing surface may be deter-
mined from the lift coefficients given by equations (21) and
(22) and by estimating the location of the center of pressure
of these two components of the total lift coefficient for a
given planing-surface plan form.
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Rectangular plan form.—The center of pressure of the
component of lift given by equation (21) is assumed to be
located at seven-eighths of the mean wetted length from the
trailing edge of the planing surface. Thislocation is between
the three-quarter-chord position generally assumed in lifting-
line theory and the position obtained from the prediction of
no lift behind the section maximum width for low-aspect-
ratio airfoils (ref. 27).

The center of pressure for the lift due to crossﬂow effects
is generally assumed to be located at the center of the area
in airfoil theory. Therefore, the center of pressure for the
component of lift given by equation (22) is assumed to be
located at the center of the mean wetted length; thus,

OL 6+_0L 7

(-z)m 25)

where (¢ is given by equation (21), C. 7 is given by equa-
tion (22), and Cy s is given by equation (20).

Triangular plan form,—The center of pressure of the
component of lift given by the first term on the right-hand
side of equation (24) is assumed to be located at the mean
of the heavy spray line which is approximately the section
of maximum wetted width.

The center of pressure for the component of lift given by
the second term on the right-hand side of equation (24)
(that is, the crossflow term) is assumed to be at approxi-
mately the center of the wetted area; thus,

2
(Z_@) _ OL,B+§ OL,D
lm cale OL,S

and is the center-of-pressure location for triangular flat
plates planing with base forward. The value of Cp s is
determined from equation (24) where Cy, s and C 4 are given
by the first and second terms on the right-hand side of equa-
tion (24), respectively.

(26)

COMPARISON OF PROPOSED AND PREVIOUS PLANING FORMULAS

A comparison of the values of lift coefficient (plotted
against trim for constant length-beam ratio) calculated from
the proposed theory (eq. (20)) and from previous summarized
planing formulas is given in figures 7 to 10 and an index to the
comparison is given in the following table:

Equation (20)' compared with planlng for- | Lift coeffl-
ulas presented clent values
Configuration presented in
filgure—
Reference Equation
4,66,80d 7 | oo 7(3;
89,and10 | _._____TTTTTTTTTTCT 7
Rectangular flat plate | ooooeeoooooooo. @, éﬁ)?), (10), and (11) ; g))
YT L 7(e)
11 ____________________ £l
V-shaped sorface baving | cocoomoemcaoaoo (6) and (7) 8(a)
o constant nngle (] & [ ®), (12), and (13) 8(b)
dead rise of 20°
V-sha surface having | oo (6) and (7) 9(n)
a eoggtdnnt angle of deng .............. - (8), (12), and (13) QEb)
rise of 40°
ha ________________ ek 10
V:n :?:gle of deud rise o% ® -
20° and horizontal chine
flare (8,=16°)

*Valueof Cp.e of % (se0 eq. (23)) used unless otherwiso noted.

*¢Lift coeflicients wera not plotted sines the results depended on the alrfoll data used.

***Value of Cp,s of 1.50 in equation (20).
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In figure 11 the values of lift coefficient (plotted against
mean-wetted-length—beam ratio for constant trim) cal-
culated from the proposed theory (eq. (23)) and planing
formulas as presented in references 14, 17, 18, and 21 are
compared with the data of the present report (see tables
I(a), II, and TOT) and references 23 and 28 for models having
angles of dead rise of 0° (fig. 11(a)), 20° (fig. 11(b)), and
40° (fig. 11(c)). Only the theories that apply to both flat-
plate and V-shaped surfaces have been compared in figure 11.

It can be seen from figures 11 () to 11(c) that none of the
planing formulas presented in references 14, 17, 18, and 21
are adequate for estimating the lift coefficients for either

- flat-plate or V-bottom planing surfaces, whereas the lift co-

efficients calculated from the equation proposed in the present
report (eq. (23)) agree very well with experiment. The
equation presented in reference 12 (eq. (2)), however, gives
a good approximation of the lift coefficient for a flat plate.

(See fig. 7(d).)
EXPERIMENTAL INVESTIGATION
DESCRIPTION OF MODELS

The models used for this investigation had a beam of 4
inches and a length of 36 inches. The models shown in
figure 12 for a flat plate and surfaces having angles of dead
rise of 20° and 40° were constructed of brass and are the
same models investigated in references 23 and 28. Addi-
tional flat-plate models that had sharp chines, ¥,-inch-radius
chines, and }e-inch-radius chines were constructed of plastic.
(See fig. 13.) The model with the %-inch-radius chines was
made by rounding the chines on the sharp-chine model after
the tests with the sharp-chine model had been completed.
The plastic models were backed with a 4-inch reinforcing
steel plate.

APPARATUS AND PROCEDURES

The experimental investigation was made with the main
towing carriage in Langley tank no. 2 and existing strain-gage
balances which independently measured the lift, drag, and
moment. The lift and drag were measured with the balances
capable of measuring: (1) 600 pounds of lift and 250 pounds
of drag, and (2) 1,000 pounds of lift and 600 pounds of drag.
The moment was measured about an arbitrary point above
the model. The tests were made with the wind and spray
shield installed, as shown in figure 14, unless otherwise
indicated.

The wetted areas were determined from underwater photo-
graphs made with a 70-millimeter camera mounted in &
waterproof box located at the bottom of the tank. The
camera and high-speed flash lamps were set off by the action
of the carriage interrupting & photoelectric beam. The
wetted length was obtained from markings on the bottom of
the models. In order to assure a very smooth bottom, the
markings on the brass models were erased except in the region
of the heavy spray line. (See fig. 15.) The plastic models
had markings each ¥ inch for the full length of the models.

The force measurements were made at constant speeds for
fixed angles of trim. The change in trim due to structural
deflection. caused by the lift and drag forces on the model
was obtained during the calibration of the balances and the
trim of the model was adjusted accordingly before each run.
Slight adjustments to lift and resistance to correct the date
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to the desired trim were made after completion of tests for
the cases where the forces or center-of-pressure location were

different from the values used to estimate the trim due to-

structural deflection. The change in trim due to structural
deflection did not exceed 0.2° for most conditions although
in a few cases changes up to 0.6° occurred.

The aerodynamic forces on the model and towing gear
were found to be negligible when the wind screen was used.
The aerodynamic tares were subtracted from the data when
the wind screen was not used.

The accuracy of the quantities measured are believed to
be within the following limits:

Lift, Ibo o e +5.0
Resistance, 1b. e +3.0
Trimming moment, ft-Ib____________________ | +3.0
Wetted length, Tt o L e eacae +0.01
Trim, deg v oo e e +0.15
Speed, ft/sec oo en +0. 20

The forces were converted to coefficient form by using a
measured value of density of 1.942 slugsfcu ft. The kine-
matic viscosity measured during the tests varied from
1.53X107°% sq ft/sec to 1.80X107% sq ft/sec.

RESULTS AND DISCUSSION
GENERAL |

The lift coefficient, resistance coefficient, ratio of wetted
length to beam, ratio of center-of-pressure location to mean
wetted length, speed coefficient, and kinematic viscosity are
presented at given trims in tables I to III for all models.
The lift and drag coeflicients are expressed both in terms of
the square of the beam and in terms of principal wetted area.

Sharp chines.—The lift coefficients and center-of-pressure
location for the sharp-chine models are considered in the
section “Comparison of Theory and Experiment for Lift.”

The resistance data for the sharp-chine brass models having
constant angles of dead rise of 0°, 20°, and 40° are presented
in figure 16 as plots of the variation of drag coefficient
Cp.s and induced drag coefficient Cp,, (which is equal to
(s tan 7) with mean-wetted-length—beam ratios for given
trims. The difference between the solid and dashed lines
represents the friction drag. (Since the data were obtained
for speeds above the critical speed of wave propagation for
the 6-foot-deep tank, there is no wave drag due to transverse
waves included; however, there may be some drag due to
spray or other causes included in this difference.) At high
trims and low length-beam ratios the induced drag exceeds
the total drag and indicates an apparent negative friction
force.- (This result was previously reported in ref. 23.) The
volume of forward spray is large at high trims and appears to
have a high forward velocity with respect to the model. The
relative velocity of the model in the region of forward spray
therefore is effectively reversed (see fig. 17) so that the
friction drag due to this spray acts in a direction opposite
to that of the drag in the principal wetted area and thereby
reduces the total drag. Therefore, at low length-beam
ratios where the friction drag is small, this negative friction
drag due to forward spray may cause & negative friction force
at high trims.

The variation of lt;l" with trim for the models having
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sharp chines and constant angles of dead rise of 0°, 20°, and
40° is given in figure 18. At a trim of 12°, the value of
l‘;l‘ is approximately constant for all length-beam ratios for
the models having constant angles of dead rise of 0°, 20°, or

40°. At high trims, however, the values of l";l" for the flat-

plate model increase with increase in length-beam ratio, are
approximately constant for & given trim for a model having a

. constant angle of dead rise of 20°, and decrease with an in-

crease in length-beam ratio for & model having a constant

The value of l';l" for the flat-plate

model decreases with increase in trim at low length-beam
ratios and increases with increase in trim at high length-

angle of dead rise of 40°,

L—l1.

beam ratios; however, the value of 7 decreases with in-

crease in trim for all length-beam ratios for the models hav-
ing constant angles of dead rise of 20° and 40°,

Wind screen and spray shield.—The lift coefficient for
the flat-plate model with wind screen and spray shield
removed (aerodynamic tares subtracted) was approximately
the same as the lift coefficient obtained when the wind sereen
and spray shield were used. (See fig. 19.) At a trim of 12°
the drag coefficient for the flat-plate model with the wind
screen removed was approximately the same as the drag
coefficient obtained with the wind screen installed (see fig.
20); however, for a trim of 18° the drag coefficient of the flat
plate with the wind screen removed was less than that
obtained when the wind screen was used even before the
aerodynamic tares were subtracted. The value of the dif-
ference is in the wrong direction to be explained by the aero-
dynamic tares. (The aerodynamic tares subtracted were
less than the difference in fig. 20.) The variation of the
center-of-pressure location with mean length-beam ratio on
the flat-plate model was approximately the same for data
taken with and without the wind screen and spray shield
installed. (See fig. 21.)

Speed.—The effect of speed at high trims (24°) is shown
in figures 22 to 24. The variation of lift coefficient, drag
coefficient, and center-of-pressure location is approximately
the same for speeds of 30 and 60 feet per second for 4-inch-
beam prismatic models having constant angles of dead rise of
0°, 20°, and 40°; therefore, there was apparently no speed
offect for this range of speeds.

Rounded chines.—The effect of ¥;-inch-radius and -
inch-radius chines on the lift coefficient, drag coefficient,
center-of-pressure location, skin-friction coefficient, and lift-
drag ratio of a 4-inch-beam rectangular flat plate is shown in
figures 25 to 29. Rounding the sharp chines of the flat-plate
model to radii of %, inch and ¥s inch resulted in a ‘de-
crease in lift and drag coefficients; however, the center-of-
pressure location, skin-friction coefficients, and lift-drag
ratios remained approximately the same. A decrease in lift
of approximately 5 and 9 percent resulted from rounding the
sharp chines to a radii of J%s inch and ¥ inch, respectively.
(See fig. 25.) A decrease in lift for & small rounding of the
chines was also observed by Perry (ref. 29).

The variation of skin-friction coefficient with Reynolds
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number for a trim of 8° is presented in figure 28 for a flat-
plate model having sharp chines and ¥e-inch-radius chines.
The agreement between the data and the Schoenherr turbu-
lent-flow line indicates that, at low trims and high Reynolds
numbers, the drag can be calculated with reasonable accu-
racy from

01).3 0/"‘ OL s tan 1 (27)

where C; is determined from the Schoenherr turbulent flow
line. (See ref. 30.) The lift-drag ratios at high trims are
influenced little by the chine condition; however, at low
trims (8°) the lift-drag ratios for the sharp-chine models are
slightly higher than those for models having rounded chines.
(See fig. 29.)

Pure planing.—The experimental data were considered
as pure planing if the lift coefficient due to buoyancy based
on the total wedge-shaped volumetric displacement of the
planing surface Cp,v, did not exceed a given value. The lift
coefficient due to buoyancy was calculated from the wedge-
shaped volumetric displacement of the planing surface below
the level water surface given by

Cr,va= sin 27 (28)

In
b2(J’

for rectangular flat plates and

1 12 . 1
for rectangular surfaces having dead rise and

Crva= sin 27 (30)

b30’

for triangular flat plates with straight leading edge and
pointed trailing edge.

The allowable lift coefficient due to buoyancy Cr v, as
determined from equations (28) to (30), was arbitrarily
selected as 0.01 at & trim of 16°. The maximum allowable
lift coefficient due to buoyancy Cj y. for other trims was
determined by drawing a straight line from zero trim (and
zero lift coefficient due to buoyancy Ci.v,) through the
value 0.01 at & trim of 16° on a curve of the variation of lift
coeflicient with trim. For the flat-plate data the maximum
allowable lift coefficient due to buoyancy OCr vy, selected
by this method at a trim of 2° varied from 16 percent of the
predicted lift coefficient at a length-beam ratio of 8 to 3.3
percent of predicted lift coefficient (eq. (23)) at a length-
beam ratio of %. These values decreased with increasing
trim so that at 30° they would vary from 6.6 percent at &
length-beam ratio of 8 to 3.0 percent at a length-beam
ratio of 4. The permissible lift coefficient for surfaces having
dead rise is, in general, a slightly greater percentage of the
predicted lift coefficient than the values given for the
rectangular flat plate.

Buoyancy.—The experimental lift coefficients given in
reference 31 less the lift coefficients calculated from equation
(20) with Cp =1.15 plotted against the lift coefficient due
to buoyancy Oy, calculated from equation (28) are
plotted in figure 30. Since equation (20) with Cp =1.15
is approximately the pure-planing lift for the model inves-
tigated in reference 31 (see fig. 32 (¢)), the subtraction of
this value from the experimental lift coefficients should
indicate the amount of lift due to buoyancy present in the
data. Only values of the difference between the experi-
mental lift coefficient and the ecalculated lift coefficient
greater than 0.01 are considered since, for small differences
between experimental and calculated values, this method
is not considered to be sufficiently accurate to determine
the lift coefficient due to buoyancy present in the experi-
mental data; however, this method should give reasonably
accurate indications of the lift coefficient due to buoyancy
present in the experimental data for the cases where the lift
coefficient due to buoyancy is large. Figure 30 shows that
the magnitude of the lift coefficient due to buoyancy for
different speeds is approximately one-half the lift due to
buoyancy based on the total wedge-shaped volumetric dis-
placement computed by equation (28); therefore, a rough
empirical approximation of the increase in lift coefficient
due to buoyancy can be caleulated with reasonable accuracy
from

1
Cr 5 z'?:OL. Vol (r=8% Cp23) (31)

where (v i8 given in eqiations (28) to (30). For low
trims (4°) a lift coefficient due to buoyancy greater than
that given by equation (31) is required to account for the
additional lift coefficient due to buoyancy as indicated by
the flagged symbols in figure 30.
COMPARISON OF THEORY AND EXPERIMENT

Lift.—Only the experimental data indicated as pure planing
by the method discussed in the preceding section are con~
sidered for the comparison with theory. Also, the data
considered are only for the chine-immersed condition. The
theory is applicable to the non-chine-immersed condition;
however, for surfaces having other than a constant angle of
dead rise such as those haeving horizontal chine flare or

vertical chine strips, the shape of the cross section varies,

and, therefore, the crossflow drag coefficient would not be
the same value as that determined for the chine-immersed
condition. The values were calculated from the proposed
theory as if there were no non-chine-immersed conditions.
For the non-chine-immersed condition, the lift coefficient
for a surface having a constant angle of dead rise is approx-
imately the value determined at the instant of chine immer-
sion and is a constant for a given trim and angle of dead rise.
(The length-beam ratio is approximately a constant value
for all non-chine-immersed conditions for a given trim and
angle of dead rise.)

In order to simplify the comparison, the data are sum-
marized in the following table:
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Data to be compared—
Configuration Deseription of model nsed Daitﬁa WM Remarks
n of m &’Im
v Equation of Experimental data
present paper— _ of reference—
4inch-beam brassmodel /] 000000 e 31 (a) Agreement good exce, gt at t;rlxmnbovo upproxlmntoly
tinch-beam g } @ T 23T 5 {Aé.”:e‘“ e e
» m C, ment g
Varlous models 12,32,31, anat‘i’ gg., 16,15, | 31 (@) to 31 () Agr?ﬁment good; some differcnces with wooden
R fiat piate 4—11}ch-beam lastic modeldvsiigl Present paper 32 (a) and 32 (b) | Cp..reduced to 1.15and 1.20
ectangular -Inch chines an -
e gh-raﬂlus chines | (20) Models used in reference data had elther slightly
rounded or roughened chines and reduced values of
Wm u;&d%ll (,samxad 35l)mz»del used 81, 32, and 83 32 (c) to 32 (o) Cb, 'twchitgdmdl case of m{;rhmnwast?&ﬁtin?shnd
an Eeﬂ or 0 us or roughness as a of wear
; further reduction in Cp,, resulted.
With anele of dead Fise of 10° % ond 2 3 (A oty gsood excopt for trims abovo approst
=Y an mate
Basle V-surface e (23) Ag:emgnt good for lemgth -beam ratios above 3 0,
this value the axperimontn! data fafled t
With angls of dead rise of 50° 35 o usual in in CL as luf/b d
Slmﬂar eﬂect slightly evident in ﬂg 34 (b) rorﬂ=-40°.
Vegurface with horzon- With anﬁeoﬂect[ve angle of dead @ égl)w 18 and 25 38 Agreement good
D from
tal chine flare With ana‘z%ﬁ?gtiveanglsofdead ‘ﬂg.S) 24 and 25 37 Agreement good
With an effective angle of dead
V-surface with vertical | _rise of 15°%’ (Cove <20 trom { % 8 Agreement good
chine strip With ag effective anglo of dead fig. 3 28 3 Agreement good
’I‘rlanguflnr ﬂa)t plate | Wooden surfaces (see fig. 40) 29 31 and %pgbdlftlaed 41 Age&?gnt goc«;lo fu&oo trlm; oéllgy" by&lgﬁ:{;vxﬁggﬁ
’ ; since they are ‘mado of wood.

Some of the experimental date that were obtained with
wooden models (for example, see ref. 31) were lower than
the values predicted by the proposed theory; this difference is
thought to be due to the influence of the local shape at the
edges (slightly rounded or roughened chines).

The effects of Reynolds number, scale, and nonuniform
chine radii on Cp . have not been determined because of the
limited data available.

The lift on various pure-planing surfaces with rectangular
or triangular plan forms similar to those considered can be
estimated by changing the value of the crossflow drag
coefficient Cp,. for a given configuration. Values of the
crossflow drag coefficient should be determined from tests;
however, reasonably accurate approximations that are satis-
factory for engineering calculations can probably be made
(see fig. 3) that will approximate the pure-planing lift for
surfaces similar to those considered herein.

For planing surfaces that vary considerably from those
considered herein, only data for a given angle of trim and

aspect ratio (for a given effective angle of dead rise) are
required to determine the value of Cp,, from equation (20).
(The experimental values of lift coefficient, trim, aspect
ratio, and effective angle of dead rise are substituted into
equation (20), which is then solved for the value of Cp.)
Since the value of Cp . is & constant for & given planing-
surface cross section, the lift coefficient for wide ranges of
trim and aspect ratio can then be estimated. If values of
Cp,, are obtained for two or more effective angles of dead
rise for a given type of planing surface, the value of Cp,, for
similar surfaces having a different effective angle of dead
rise can be estimated by interpolation. Therefore, in order
to calculate the lift coefficient from equation (20) for wide
ranges of trim, length-beam ratio, and effective angle of dead
rise for a given family of planing surfaces, only a very few
test points are required.

Center-of-pressure location.—A. comparison of theory and
experiment for the center of pressure is given in the following
table:

Data to be compared—
Configuratio Description of model used Dattgd in Remarks
n n of m presen
Equation of | Experimental data figure—
present of reference—
paper (%)

Rectangular flat plate 4-inch-beam brass model (25) 23, 31, and 25 42 Good agreement
With angle of dead rise of 20° 25 and 28 43 Good agreement
Basle V-surface 1Vith angle of dead rise of 40° 25and 28 44 QGood agreement
With angle of dead rise of 50° 38 45 Good agreement
With an eﬂecﬂve angle of 25, 13 and 23 46 QGood agreement

V-surface with horizonial dead rise of 16° @
chine flare N With an eﬂectlve anglﬁ of (25) 24 and 25 47 Good agreement

dead rise of 32°
With an effective angle of 26 48 Good agreement
M Aeaistal Yt angle of :22:)) 2 4 Good Wm ¢
an vo o aj en
s dead rise of 31°569"
Triangular plan form TWooden surfaces (sce fig. 40) o * 81 and onpublihed QGood agreement
tank no. 2 date

3
s The values of Cb.. for equation (25) were determined from figure 3.
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CONCLUDING REMARKS

The principal planing characteristics for models have been
obtained in extended ranges of trim and length-beam-ratio
for a rectangular flat plate and two V-bottom surfaces;
therefore, force approximations for water-based aircraft can
be made in these extended ranges with more confidence. The
date obtained for rectangular-flat-plate surfaces having very
slightly rounded chines indicated that slight differences in
construction at the point of flow separation can result in

decreased lift and drag coefficients obtained for a given flat- -

plate configuration; however, the center-of-pressure location,
skin-friction coefficients, and lift-drag ratios remained approx-
imately the same for the trims tested (8° to 18°). These data
showed that slight differences in construction at the point
of flow separation were probably the reason for the differences
in experimental date obtained for a given ' configuration
by various experimenters.

The proposed theory appears to predict with engineering
accuracy the lift and center-of-pressure location of rectangu-

lar flat plates, triangular flat plates planing with base for-
werd, and V-shaped surfaces having a constant angle of
dead rise, horizontal chine flare, or vertical chine strips. A
reasonably accurate approximation can probably be made
for the crossflow drag coefficient of a given model that will
result in satisfactory engineering calculations of lift and
center of pressure for pure-planing surfaces similar to those
considered in the present report. Also, the proposed theory
(which can be applied to both the chine-immersed and the
non-chine-immersed condition) together with the method for
approximating the lift coefficient due to buoyancy gives a
reasonably accurate method for estimating the lift charac-
teristics of planing surfaces for a wide range of conditions.

LaNGLEY AERONAUTICAL LABORATORY,
Narronan Apvisory COMMITTEE FOR AERONAUTICS,
LawaLEY Frerp, Va., November 23, 1956.
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TABLE 1

EXPERIMENTAL PLANING DATA OBTAINED FOR A
RECTANGULAR FLAT PLATE -

(a) Brass model having sharp chines

Telm, | Cr L ||k Lp |y saftfec]| Con | Coa | Cos | Crs
7, deg b b b I

1822 | L6501 1.64 | .66 | 0.705 { 1.80OX10-5 | 0.081 | 0.285 | 0.037 | 0.174

18.13 } 2,60 | 272 | 274 | 744 | LSO .087) .375} .032] .138

1819 1 3.68 | 374 [ .77 .714| 1.78 L1081 453 .02 121

12 18.19 | 4.82 1 4.85{4.87| .687 | L78 U284 .524| .028) .108

18.19 | 5,60 | 5.85| 5.68 (| .694 | 1.78 JI41 | 5821 .25 | .108

1817 | 6.74 | 6.50 | .82 | .652 ) 167 156 L6486 .023 ) .095

1838|770 ] 7.76 | 7.78| .6683| L76 A7l | .698 | (022 .080

IRI3FL76| 1.82 | L84 .708 ) 1.8O 04 380 .057 | .214

18.16 ) 2.91 | 297 1 3.00} .698 | L&D L4611 B17) L0490 ] 174

18.19 | 3.82 | 3.89 [ 3.92| .700( L.78 1761 .616) 045 ) .158

15 1819 ) 498 | 506§ 5.10) .673{ L78 2131 730 .042 ] 146

122 ] 5.70 | 5.84 | 5.86 | .669 | 1.67 .234| .808| .G40} .138

1810} 7.00 | 7.05 | 7.07 | .658 | 1.78 261 .002) .0374 .128

1832774 | 7.80 | 7.84 | .660} L 78 281 | .95 038 .123

18,131 1.82 | 1.88 | .92} .701 | L.80 .160 | .485| .085( .258

18.16 | 3.01 { 3.05 | 3.07 1 .681 (| .80 20| .65 | .072| .215

18.16 | 3.89 | 3.93 | 3.95| .678 | L.78 263 | .788| .067 | .200

18.19 | 4.4514.49 | 4.51 | .685] 1.78 2871 .863| .064) .100

18 18,13 | 5.02 | 65686 | 563 .655| .78 352 | Lo25) (059 .172

18.19 | 6.88 1 6.92 | 6.04 | .648 | 1.67 388 | L135| .056) .164

18.53 | 6.91 | 7.00 | 7.04 | .639 ] 1.56 .385] 1141} .055] .163

18.53]7.93|7.90}1802| .640] 1.58 .431 § L3270 | .064| .159

1819 { 8,02 | 8.07 | 8.10| .641] 1.67 444 | 1283 | .055| .159

18.13 | .95 | 200 | 202 | .676| 1.80 28| .582] .13 .201

18.13 ) 2.75 | 2.80 | 282 | .695] 1.80 L300 .764) .107} .273

18.16 | 2.88 | 2202 | 295{ .685] 1.63 307 .78 105} .267

18,13 | 4081 4.12 | 414 .850 | L.78 39| (964 | .002 | .24

21 18,19 | 5141 619 | 622 .645]| L78 441 ) L1111 | .085| .214

18.04 | 5.9316.04 | 6,07 ) .62 1.78 485 | L244 | .082] .206

1838 | 7.10 [ 7.16 | 7.20 | .632 | 1.58 566 [ 1.425 | .09 | .108

1821 7.13|7.18] 72| .0638] 1.67 582 ) 1.420 | .0S1| .199

1IR4 1700 |803!1805] .020}) .76 .610 | 1.510 { . .188

18.13| .78] .82| .84} .745{ 163 JAT1| L3877 200} 472

1819 | 1.69 | 204 | 2207 | .673 | L.80 L3041 685} .149 | .338

1816 | 3121 3.16 | 3.19] .678| 1.80 A7 L9842 L1385 .208

13131 4.06 | 4121414 | .644| 1.78 JSI1 1121 | L1224 | 272

1810 ] 5,16 | 522 524 ] .633] L78 .606 | 1.315] .116| .252

24 18,89 ) 5,94 | 601 6.04| .642 | 158 .688 | 1.480 { .114 | .246

18,191 6.12 | 6.17 | 6.20 | .635| 1.67 607 | L6512 (118} .245

1850 | 7.02 | 7.091 7.12} .636| L38 787 { L6800 | .111 | 287

18,50 | 8.10 {1 8151818 .610| 1.58 .864 ) 1.888 | .107 | .229

9.13(3.00)3041307) .660] L.63 413 ] .912] .136 ) .300

0151408411414 .635]|1.63 B4 | 1122 L1251} 273

9.16 ] 513 | 6.21 | 5.24| .628{ 1.63 .604 | L318| .116} .258

18,25 .95 .00 | Lo2{ .757| L.63 208 | 5200 .286) .50

1825|203 1200|212} .662 | 1.63 4031 .851 ] .238 | .407

18.22 | 3.023.08[3.11] .657| 163 L6621 L1271 .215| .368

18.33 {424 | 4571 438 | .58 L58 850 | 1.474 | .186| .328

18,32 |.5.37 | 5.44 | 5.51 ) .&20 | L58 1.035) L7441 .190] .320

30 18.47 | 6.21 | 6.31 | 6.36 | .6807 | .56 L148 | Losa| .182 | .315

18.60 | 7.03 | 7.12 | 7.16 L6  [acoaaaa 2177 |eeeee. ] 306

019|528 ) 533|536 .645)] .63 L0021} L7488 .188} .328

0.16 1 425 | 4321438 .640} 163 8290 | L4171 .192 | .328

9.16 | 3.03{3.10 | 3.16 ] .685] L. 63 L6309 f 1111} . .358

18251 .07 1103 |1.08] .742] 163 .381| .582| .37r| .568

18,13 | 200 | 2.06 ] 2209 ] .674 | L.63 623 .914] .308) .44

M 18.13 | 3.26 (| 3.3273.35] .615| L.58 871 L2568 | (22 .378

18,32 | 4.25 ] 4.37 | 4.42 | . 1.56 1.124 | L600{ .257 | .366

18.28 | 538 | 549 | 554} . 1588 1.351 | L928 | .246 | .351

18.65 | 6,47 ) 6.57 | 6,62 {oaeeo 1.56 2227 faeeeeee <339

34. Locke, F. W. 8., Jr.: Tests of a Flat Bottom Planing Surface To
Determine the Inception of Planing. NAVAER DR. Rep,
1096, Bur. Aero., Dec. 1948. ¥

35. Christopher, Kenneth W.: Effect of Shallow Water on the Hydro-
dynamic Characteristics of a Flat-Bottom Planing Surface.
NACA TN 3642, 1956.

36. Springston, George B., Jr., and SBayre, Clifford L., Jr.: Tho Planing
Characteristics of a V-Shaped Prismatic Surface With 50 De-
grees Dead Rise. Rep. 920, David W. Taylor Model Basin,
Navy Dept., Feb. 1955.

TABLE I.—Continued

EXPERIMENTAL PLANING DATA OBTAINED FOR A
RECTANGULAR FLAT PLATE

(b) Brass model having sharp chines; no wind screen

Trim, | ¢ | L | In | I | da Ly sqttfsec| Cou | Cr | Cous| Ous
T, deg b b b In
18.28 | 1.64 | L69 | 1.72 [ 0.761 | 1.80X10-%} 0.061 | 0.201 | 0.038 | 0.172
18.13 1 2.40 | 244 | 2.47 | .754 | 1.80 .08t .301| .033| .148
18.16 | 3.54 | 3.5 | 3.62 | .716) 1.80 .101 4451 028 ) 124
12 18.12 | 4.67 | 472 | 4.75| .689 | 1.8 18 W619 ] L0265 (110
18.13 | 5.66 | 6.72 | 5.74 | .676 | 1.80 32 878 023 100
18.10 1 7.80 } 7.86 | 7.88| .637| L8O .165| .693 | .021 ]
18.18 | 6.87 | 6.92 | 6.95| .663| L8O .162 64 | 022 003
18.13 | 1.87 | L.92 ] .84 .710| L. 80 L1651 | .493 | 078 | .257
18.19 { 2.88 | 204 | 2.08 | .705| 1.80 208 .083] .070 |, .22
18 18.13 | 4.00 | 4.05 | 4.07 | .608 | 1.80 260 | 708 084 | .107
18.15 1 5.92 | 5.97 ) 6.00 | .651 1.80 L3461 1,027 .068] .172
18.13 1710 7.25 | 7.18 | .64l 1.80 L399 | 1,189 .0565| 1G4
18.18 | 7.9718.03 | 8.06| .628] 1.80 L4201 1.263 | (053 | .150
(c) Brass model having sharp chines; no wind screen or spray shiold
18,28 | L.564 | 1L.59 } 1.62 1 0.744 | 1.64X10-3| 0.060 | 0.288 | 0.038 | 0.180
18.19 1270 | 2.75 ) 2781 .709 | 1l.64 L3881 032 141
12 18.13 1 3.83 { 3.88 | 3.61 688 L&d 105 | .462 | .027
18.22 | 4.74 | 4.80 | 4.82 | .671| 1.e4 .120 528 1 .026| .110
18.19 | 5.84 | 5.89 1 65.92 | .664 | 1.684 Jd35 | . .023) .101
(d) Plastic model having sharp chines
18.00 1 L24 | L.20 | .31 | 0.725 | 1.78X10-%{0. 0256 [0, 15642 {0.0193 [0.1195
18.00 | 2481262 | 2.84} .725| L78 L0373 | .2100 | 0148 | .0837
18.00 1 3.58 | .62 |3.64] .718| 178 L0463 | 2534 | L0128 | 0700
8 18.00 | 4.47 | 4 52 | 4.64 | .7T12 | 1.78 L0520 | ,2811 | L0117 | . 0622
18.00 ) 5.30 | 5.34 | 6.386| .708| L78 .0582 | , 3087 | .0109 | .05678
1800 | 6.40 | 6.45 | 6.481 .682 | L78 0671 0104 | .0528
18.00 | 7.53 | 7.57 | 7.69 | .701 | 178 0749 | 3740 | . 0009 | .O4H
17.93 | LSS { L&a | 1.651 .709 | 1L.78 06811 | .2885 | .0377 | .1781
12 17.93 ] 4,01 | 4.06 | 408 | .686 ] L78 1 4669 | .0269 | ,1150
17.98 } 8.70 | .75 | 677} .676| L78 1374 | 5773 | L0239 | .1
18.10 | 7.77 | 7.82 | 7.85 | .666 | 1L.80 1713 | . 6839 { .0219 | . (881
17.86 | L94 { 191 | 1.86 | .674 | 1.78 1008 | .4807 | . 0841 | . 2564
18 17.98 | 292 | 22906 | 2.981 .679 | L78 2196 | .6516 | ,0742 | . 2201
17.93 | 5.14 | 5.19 | 5.21 .639| 1.78 3166 | .9363 | . 0810
18.19 | 6.94 | 6.99 | 7.02{ .643 | 180 3803 |1.1310 .1618
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TABLE I.—Concluded TABLE IIT
EXPERIMENTAL PLANING DATA OBTAINED FOR A EXPERIMENTAL DATA OBTAINED FOR A PLANING
RECTANGULAR FLAT PLATE SURFACE HAVING 40° ANGLE OF DEAD RISE
(e) Plastlc model having }$4-inch-radius chines
Tl'(iim. Cr % l_b." Zb" lli rosqftfset | Cps | Cios | Cous | Crs
T,
Tam | € | L | n | 8| ke |nsattise) Cou| Cua | Cou| Cus i -
r, deg ) b b Tm
18.07 [ 0.58 | 1.14 | 1.69 | 0.756 | L7210~ | 0.025 | 0.100 } 0.022 | 0.08
18.07 | .60 | 214 | 2.68 | .688 | L.72 L041| .167) .019| .078
18.35 | 170 | 184 | .88 | 0,711 | L 67¢10-5 |0.0638 0.2950 0. 0347 [0.1603 18.13 | 282 | 3.36 | 3.01 | .856 | L.72 J060 | .228| .018] .068
1813 | 254 | 260 2262 | .705| L67 .0761 | .3445 | .0204 | . 1330 12 18.183 | 3.85 | 4.40 | 4.95 ) .639 | L.72 0721 .27 016 .062
1810 [ 359 | 3.64 | 3.66| .708 | L67 L0972 | 4222 | 0267 | 1160 18.16 | 4.96 | 5.51 | 6.08 | .634 | L72 c09s| .331| 017 .060
12 18.10 | 4.70 | 4.84 [ 487 | .36 | L67 L1181 | L4996 | 0244 | . 1032 18.16 ( 5.82 | 6.36 | 6.95] .627 | 1.69 J102| .35 | .016) .055
18.16 | 5.562 | 5.56 | 65.59 | .e63 | L67 L1200 | . 5399 | .0232 | .0971 18231690 7.52 806 .622]| 169 20| 414 | 016 | .08
18.07 | 6.87 | 6.92 | 6.95 | .663 | L.67 L1550 | .6207 | 0224 | 0010
18,07 | 7.60 | 7.66 | 7.69 | .65l | L.67 L1662 | .6764 | (0217 | .0883 18.18{ 1.14 ] L48 | 1.81 | .704 ) L.72 L0741 .210] .050| .148
18.13 | 228 | 2.59 | 290 | .661 | L63 19| .39 .o46| .13
18.28 {200 | 205 | 208 | .708| Le67 L1615 | 4860 | .0788 | .2875 18.19 [ 240 | 3.71 | 401 | .ed0 | L72 J188 | .458 | .042| .123
18.19] 284 | 290 | 203 | .684 | L67 .2088 | .6200 | .0713 | .2138 18 18.10 | 4.32 [ .65 | 4988 | .631 | L.67 J85) (539 | 42| 118
1510 | 379 | 3.8 | 3.86 | .672| 1.67 .2508 | .7438 | 0853 | 1037 1813 | 542 | 574 | 6.04 | .617 | L.72 .24 L6281 .039| .109
18 18.10 | .92 | 4.98 | 5.00 | .648 | 167 2048 | .8020 | .0592 | 1781 18.25 | 6.36 | 6.67 | .99 | .- 1.60 .2531 700 .038| .105
18131 5.80 | 6.94 | 5.97 | .845| L67 .3380 | o789 | 0560 | .1848 18.16 | 7.46 | 7.77 | 8.07 | .605 | L6 L2 | .61 0381 .
18,101 7.02 | 7.06 | 7.08 | .44 | 167 23911 |1.1261 | L0854 | 1595
1822776 | 782 7.84 | .637 | L6V . 4107 [1.2085 | .0387 | (1542 1818 | L71{101{210] .633]| 163 | 3| .ose| .19
18.13 | 260 | 2280 [ 299 | .e30{ L72 o235 | .515| .08¢| .18
18.16 1 3.82 | 4.03 | 4.24 | .e18{ L72 2314 | .63 | .o78| .187
() Plastic model having }{e-inch-rodius chines 18.16 | 4567 | 4.76 | 4.63 | .611 | L7 36| 70| .05 160
18.19 | 5.74 | 5.92 | 611 | .611 | 1.67 .58 | .os3| .or7| .181
24 18.13 | 5.84 | .01 | 619 [ .e16{ 1.72 463 | 962 | .o77| .168
18.13 | 1.64 ] 168 | 1.58 | 0.712 | 1.78X10-5 [0.0272 [0.1605 |0, 0162 [0. 0957 18.16 | 6.85 | 7.04 | 7.24 | .588 { LOD 500 | Los8 | .071| .150
1813|213 { 218|220 .751 | L.78 .0320 | . 1820 | 0147 | 0835 1816 [ 7.61 | 7.70 | 7.06 | .02 | 169 553 | L1s1| .o | (148
18.00 | 3,50 | 3.55 | 368 | .730 | 1.78 .0437 | 2318 | L0123 | .0853 9.14 | 263 | 2.80 | 290 | .622 | L67 L35 | LB12| .0B4| .183
8 18.00 | 4.50 | 4.5¢ | 458 | 720 1.78 0504 | 2624 | o111 | 0578 9.13|3.78|3.08|4.37} .611|1.67 318 | .es9| _0%0| .I73
17.86 | 5.38 | 5.43 | 5.45| .718 | L78 0536 | .2048 | .0108 | .0543 9.08) 48| 502|520 .601 | L67 L4021 .828] .0%0 ] .165
17.03 | 6.49 | 6.54 | 6.58 | .708 | 1.78 .0654 | .3257 | .0100 | .0488
18.00 | 7.63)7.68 | 7.01| .69 | 1.78 0713 | .3487 | 0094 | .0460 1813 (115} 1.27 | L.39 | .e27 | L63 L1851 L3181 .146] .250
. 18.16 [ 204 | 214 { 2.25 | .623| 163 2295 .505] .138| .23
18.27 | Lot | Leo | 71| 707 | L8o .0358 | .2630 | .0330 | . 1566 18.13 [ 3.05 | 8.14 [ 3.2¢ | .610 | 163 v424| cm21 .135] .230
1827|262 | 2.68| 270} .704 | L8O L0748 | 3871 L1258 30 13|405)413]|423| .615| L63 o555 .90 13| .20
18271375 13.80 | 383 | 892 | L8O .0931 | L4081 { .0245 | .1074 1831|405 {501 {612 .507| L.88 6B Le32| 125 208
12 1833 | 4.64 | 460 (471 | 680 | L8 (1116 | .4728 .1008 6.01 | 607|612 .587| 188 c753 238 | 124 | 208
1820 | 571 | 575 | 6.78 | .678 | 178 L1288 | L5385 | 0224 | 0933 18.19 | 7.47 | 7.53 | 7.58 | .50 | L&8 con | L4s3| 121 | .197
1813|676 682|684 674 | 178 (1453 | L5081 | .0213 | .0877
1813 | 7.81 | 7.86 [ 7.89 | .665 | L.78 L1651 | .6626 | .0210 | .0843 1807|120 | 1.37 [ L48 | .617| L63 256 | .37 | .188| .275
. 18.25 | 238 | 248 | 2.55| .e28| L63 445 | e | .11 .284
18.13]1.75 | 1.s0 | L83 | .688 | L78 L1463 | 4466 | L0813 | L2181 18131310 (316 |3.22| .62 Le3 547 om0 | (173 | 250
1813|274 | 279|281 | .63 | L63 1987 | .5003 | .0713 | 2118 34 1819 [ 420 | 422 4.25| .617 | 1.8 c692| .993| .164| .238
18,13 [ 4.01 | .08 | 4.08| .660| L78 .2408 | .7429 | .0616 | .1832 18,33 | 532 | 535 538 | .585| 1.8 883 | L2863 | .165| .238
18 18.13 | 5.02 | 509 | 6.09| .68 L78 .2017 | . 8566 | .0573 | 1683 18,33 6.35 | 6.12 | 6.40 | .583 | 1.58 Lp91 [ 1.400 | L1821} .20
18.26 | 6.22]6.26 | 6.20] .61 | L78 .3380 | .9786 | 0541 | .1502 18.30 | 7.16 | 7.20 | 7.25 | .68 | 1.58 1.181 | 1.856 | .18% ) .230
18.13 [ 6.00 | 8.95 [ 6.99 | .642| 1.78 L3670 1.0627 | .0528 | .1520
18,13 | 7.01 | 7.06 | 7.00 | .641 | 1.78 .4088 [1.1677 | .0511 | .1467
1.0
TABLE 11
EXPERIMENTAL DATA OBTAINED FOR A PLANING 8
SURFACE HAVING A 20° ANGLE OF DEAD RISE
' tm N
Tim, | oy | 1o | dm | B |2 2B) (120£)" (refs. 3 and 1)
.o Cy I3 _{;r. v,8qftfsec| Cown | Cre | Cous| Cr.s K(Be) B
4 ~—
-
18,31 | .63 | 1,00 | 212 | 0.708 | 1.76X10-8 | 0.051 | 0.286 | 0.027 | 0.124 ~~
18.13 | 216 | 230 [ 282 .21 | LT3 085 | .275| .027 | .115 . S
11|22 2| 27| (725| 173 0e8 | lom| Lozl 110 (i—sin B;) (present report)- —_—
2 [{1819]345 |38 |8o1] (66| L7 085 | t3s3] 023 | .06 2 —-—
1819 | 4.27 | 4.48 | .68 | .680 | L71 c009| L4031 .02 | .00
1819 | 40 | 570 | 591 | .865| L7 L1144 ) 467 020 .082
ER|EB|TR|2R| &Lk el 5| G| 0% S S N R ~ |
[0} 10 20 30 40 50 60 70 80 90
18.47 | Ls0] 103|208} .78} 1.78 L1290 | .306| .067| .205 B,, deg
18,31 | 2278 | 2280 | 3.03 } .681| 1.73 174 .518 | .060 | .177 e
8 ig%g :}_% z% Zg‘g :% iﬁ :% :2?% :é’% :ig F1cURE 1.—Clclngpaglson (f)f dead-rise function applied to linear term
13| 5. 51 . 1L . . . 144 wit _ri neti ased rork
1822|663 670 02| (634|171 "328 | .ou | -oi8| [130 . ead-rise function b on Wagner’s work.
18.16 | 7.81 | 7.04 | 8.08 | .620 | L71 373 | 1o6s | o7 | 134
18,31 | 202 | 212|221 | .630| L78 257 | .568| .121( .268 1.0
18.25 | 3.04 | 3.14 | 8.20 [ .685] L67 30| Jrre| Ju1| .24
18.16 | 3.04 | 4.03 | 412 | (60| 1.72 423 | te31| .105| .281
18.13 | 4.00 | 4.99 | 5.08 [ .625| L.72 o509 | 10108 | .102| .221
24 1813 | 6.26 | 6.35 | 6.44 | .@20 | L67 610 | 1314 | .oo8 | .207 . 8
18,39 | 7.06 | 7.14 1 7.24 | e8| L70 el Laaa| Loos| 202
18.31 | 7.86 | 7.93 | 8.00 | .618| Lb4 730 | 1586 | .002 | .200
010|311 [319]|328| .655| L67 (348 | L778 | (109 | .24
011 | 412|419 427 | 635 1.67 L4306 | coe8| .104| .281 6
9.07 | 6.17 | 524 | 5.33 | .614| 167 o520 | 1148 | L101 | .219 .
18.28 | .40 | 1.45 | 1.51 | .60 | Le3 303 .23 .208| .361 G(By)
18,10 | 2232 | 238 | 243 | .624 | 1.63 45| .| .187| .34
18,10 | 3.38 [ 3.44 | 3.50 | .630 | L63 605 | 1020 | 178 | .207 4
20 18.37 | 3.28 | 3.33 | 3.30 | .637 | 156 (588 | Lpg3| .177| .20
A (R (- A st e
. . rt . .
1825 | 661 | 6,65 | .62 | .604 | 15 1035 | 1703 | .168| 260 2 ©  Bobyleff (ref. 20)
18.26 | 7.21 | 7.27 | 7.32 | .609 | L54 1.166 | 1876 | .159 | .258
18.13 | 1.64 | 161 | Les| .ex2| Le3 .406| .610| .252| .37
Hglagian|in) miiy | m|om) o) e N e R
. . g4l . . 10
M 18.25 | 4.68 | 471 | 4.74 | .605| 1.58 J094 | L4z2| .211| .304 20 30 4 30 & 7 80 20
18.31 | 5.61 | 5,66 | 5.60 | .600 | 1.56 1194 | Lepa | .211| .200 Bg. deg
18.41 | 6.42]6.46 | 650 .602 | 154 1.337 [ 1.867 | .207 | .280 . . .
18,32 | 7.62 | 7.68 | 7.60 |-oeuum 1% THRN FONR 2192 |.oeeen- . 200 FreUre 2.—Comparison of dead-rige function applied to crossflow term

with Bobylefi’s flow coefficient.

526597—00 28
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2.2

2.0

Crossflow drag coefficient, Cp o
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“V/-shaped surfaece having vertical
chine strips {refs. 25 and 26)

_-~" "-shoped surface having horizontal
prad chine flare (refs. 13, 24, and 25)

““Rectangulor flot, triangular flot, and V-shaped prismatic
l.2gs, surfoces having a constent angle of deod rise (refs. 23,
2 28, 36, and doto of present report)
™ ‘-““‘-Redonqulor flat with 1/64-~inch-rodius chines
- “ {4-inch-beom model)
"> ~-Rectanqular flat with 1/16-inch-radius chines
8 (4-inch-beam model)
6
4l
21
P 1 1 ! }
0 10 20 30 40 50

By, deg .

Fiacure 3.—Variation of crossflow drag coefficient for varioﬁs types of

Lift coefficlent, C; 5

planing surfaces.

Proposed theory, total ift (eq. (23))
——— Proposed theory before removal of lift
due to leading-edge sociion effects
(eq. (I6) + eq. (I18) with Cp,  =4/3)
—— = Crossflow term (eq. (22) with Cp o = 4/3)
o, A l | ,
‘ 1
-?-‘-é- ol _g' - - /
a e |1
. =
e —
L1 _ I /7 e e
0 i ===
8
I {
LD | [
—/_ﬁ—J’J—’ 1_,,—-:_/—4’—/’ (a)
o -8 16 24 32 0 8 16 29 32
Trim, 7, deg

(a) Flat plate.

FiaurBs 4.—Relative magnitude of components of proposed theory.

Lift coefficlent, €y s

LIt coefficlent, ¢} s

Proposed theory, total ift (eq. (23))

‘Proposed theory before removal of lift
due to feading-edge suction effects.
(eq. (16) + eq. (I18) with Cp, o = 4/3)

Crossflow term (eq (22) with Cp ¢ = 4/3)

P
| —

\

=] e

p—
e

1
L~ -
L~

| —

AN

o I Lty

] B ot Lk ()

32 0 8 6 24 32
Trim, 7, deg

(b) Dead rise, 20°.
Fieure 4.—Continued.

8 16 24

Proposed theory, total lift (eq (23))

Proposed theory before removal of lift
due to leading-edge suction effects
(eq. {I6) + eq. (18) with Cp, o = 4/3)

Crossflow ferm {eq. (22) with Cp ¢ =" 4/3)

tn.y

I\

5 B

—1

= — ——
o ’-ﬂ | e — (C)

8 16 24 32 O 8 16 24 32
Trim, 7, deg

(¢) Dead rise, 40°.
Ficure 4.—Concluded.



A THEORETICAL AND EXPERIMENTAL STUDY OF PLANING SURFACES 385

154"
1
/ 1
15° 33'
}
l 2.000" ||
A o 4,125
90°
_t__
. 574"
2.40%rod. /| 20° 16° l
/ \ < i
1
390" -
4
/ \
3i° 59
-—.821" — - |
2.000"—= |
000" ) U
) 4 o 4.125

(a) Effective angle of dead rise, 15°33’. (See ref. 26.)
(b) Effective angle of dead rise, 31°69’. (See ref. 26.)
Fraure 6.—Cross section of surfaces having vertical chine strips.

90°
———  Proposed theory {eq.(23))
1.279° rozj. —————— Sokolov (ref. 4)
. ———-—— Sedov (ref. 5)
/ 1.288 ————--—— Perelmuter (ref. 6)
g 32° 47 ——--——— Sottorf (ref. 7)
NN / |
L—.821"— R 7 1
82l 20 ¥ 7 ik )
A €
o i
4.000° <o / .
(b) = ) .
L "4
(a) Effective angle of dead rise, 16°. * (See ref. 13.) 2 o
(b) Effective angle of dead rise, 32°47’. (See ref. 24.) §
Fiaurs 5.—Cross seotion of surfaces having horizontal chine flare. = 20 In.3 %,__ S
» 5 - -
10 - =it S
’ ‘/‘/" ‘__/
x L=
- bsa === |- {a)
o} 4 8 12 16 O "4 8 12 16

Trim, T, deg

(2) Proposed theory and references 4 to 7.
Ficore 7.—Variation of lift coefficient with trim for rectangular flat-
plate lift formulas.
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Lift coefficient, ¢, o

Lift coefficient, CL,S

REPORT 1355—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

_— Proposed theory {eq. (23))
_______ Perring and Johnston (ref. 8)
——— —~——  Korvin-Kroukovsky {ref. 9)
_— Siler (ref. 10)
6
[ T
4 l‘?li% —l# »!
[ il -
2 jlr t l ;/‘ j _ /f;\y/
L~ | —4/—-‘
¢ r 1
4
lo.3 dmag
2 ):/:/ ]
| =1 | =T 1 | |
0 4 8 |24 16 (o] 4 8 12 16
Trim, 7, deg
(b) Proposed theory and references 8 to 10.
Frcure 7.—Continued.
Proposed theory (eqg. (23))
_______ Schnitzer {eq. (9)) -
—————  Locke (eq. (7))
—_— Brown (egs. (IO} and {I1))
.6 4
[ V% |
L= IN %7 . A
of 7, / s 7
///4 I - AL’ v
2 74 A
¥ Y A
"4
[0}
4
B3 | e ]
» ",’ %/
.2
/ /’/‘
.2
l_/ (c)
o} 8 16 24 32 0 8 16 24 32
Trim, 7, deg

(c) Proposed theory and references 17, 18, and 21.
Fraure 7.—Continued.

Lift coefficient, €, ¢

Lift coefficient, CL,S

(@

—_ Proposed theory (eq. (23))
—_——— Crewe (eq.(5))
-_— Farshing (eq.(2))
———~—— Korvin-Kroukovsky, Savitsky, and Lehman (eq. (6}
.6 ‘Lm_l / -~ I
=1 =
al ozl LA 2! P
’ / 4 28
2 4 il
Y i
4 rad
4 z 2
-3 _1 #-6 .
2 A ~F==
’4//’" -
r | =" (d)
o} 8 16 24 32 0 8 16 24 32
Trim, =, deg

Proposed theory and references 12, 14, and Crewe’s equation

(eq. (8)).

Figure 7.—Continued,

Proposed theory (eq. (23))
———————— Shuford (ref.l)
6 :
il 7 |
i 4 .
4 —ball-a- y & # 1 //
I/ d
2 A /]
- 4
/ )l
b e
4 -
.%zz. =3 A" %L =6
= =)
2 g 2]
;< A
i ] e
(o] 8 16 24 32 0 8 16 24 32
Trim, , deg

(e) Proposed theory and reference 1.
Fiaure 7.—Concluded.
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Lift coefficient, CL,S
n

Fraure 8.—Varintion of lift coefficient with trim for a surface having
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Proposed theory (eq. (23))
______ Locke {eq. (7))
— -~ ——  Korvin— Kroukovsky, Savitsky, and Lehman (eq.(6))
r//
,//" ~ s
v - =
B3l | 7 Bil | |7
P | P
A il
// P
=3 %;
‘,é/ LA
» =" _ /é"/“’
/‘,6“ /‘4‘ (0)
8 16 24 32 0O 8 16 - 24 2
Trim, T, deg

(a) Proposed theory and references 14 and 17.

an angle of dead rise of 20°.

Proposed theary (eq. (23))
______ Schnitzer (eq. (8))
——--———  Brown (egs. (I2) and (I3))
.6 **Jﬁ I
4kﬂ_%=i_ gl | 1B
' A =
© pT Zan
L LTr A
-— ’ l/ //’/ o —:Z/-
5 7 Ls g
2 , =
‘4;83 0
- 4 -
5 73 - £
//" e _—44%//
B | (b)
0 8 16 24 32 0 8 16 24 32
Trim, 7, deg

(b) Proposed theory and references 18 and 21,
Figure 8.—Concluded.

Lift coefficient, &, s

)

\
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Proposed theory (eq. (23))
—————— Locke (eq (7))
——-——  Korvin-Kroukovsky, Savitsky,ond Lehman (eq. (6))
7 L] e
P _ pad
2 '/ e o
/’fg/ L e
5 5
/%/ /4£:
_..-,..-’// /"(’4”’ (@)
8 16 24 R 0 8 16 24 32
Trim, 7, deg

(a) Proposed theory and references 14 and 17.

Fiaure 9.—Variation of lift coefficient with trim for a surface having

Lift coefficient, G, s

an angle of dead rise of 40°.

Proposed theory (eq. (23))
______ Schnitzer (eq. (8))
— ———  Brown (egs. (12) and (13))
6 f
N ]
4 #.‘é_ #-l
A -
2 —~ — Pt
A L — =P
s e =1 D o
4
B3 2o
L~
2 = :
— =7
] T (®
0 8 16 24 32 0 8 16 24 R
Trim, 7, deg

(h) Proposed theory and references 18 and 21.
Figure 9.—Conocluded.
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Proposed theory :
(eq. (20) with G, = 1.59)
————— Crewe (eq. (5))
6
1 > I
%Lxl. %_ = | L~
4 2 7 P
1% 7

9 ; 7
@2 Z g
3 74 A
t LA )
=
"-87 0
s 4
.J s

2 —1#'3 i =6 o

/’ //,/
P .
o} 8 16 24 32 0 8 16 24 32

Trim, 7, deg

F16urE 10.—Variation of lift coefficient with trim for a surface having
a bagic angle of dead rise of 20° and horizontal chine flare.

76

b0 b 1

72

.68

Proposed theory (eq. (23))
————Schnitzer (
———-Locke(eq.(7))
————-Brown (egs. IOy and (II))
——----Korvin - Kroukovsky,

(92))

Savilsky, and Lehman (eq.(6))

84 Experiment
Trim, 7, deg
60 o 4
& 12
Ref 23
.56 > é%} ,
2 !% Present 1
.52 é 3 repor
/
48 \
\\
‘_,,-.44 \ \_\ _ Tﬁm:T, deg
Qf
- .40
3
"g .36
5 .32/

o
®

hY)
N

! ! ! !

b

16 24 32 40 48 S6
lm

!
64 72 80 88

(a) Flat plate.

Fieure 11.—Comparison of the results

calculated from the proposed

theory and references 14, 17, 18, and 21 with experiment.

Lift coefficlent, G ¢

™
@

4 8 3

o
n

[4)]
[es]
T T p !

0o
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1

Proposed theory (eq. (23))
———~Schnitzer (eq.(8))

-Locke{eq.(7))

——~Brown (eqgs.(12) and (13)) .
——---Korvin-Kroukoveky,

Savitsky, ond Lehman (eg. (6))

Experiment
Trim,r,deg
4
12t Ref. 28
30,

[n]

Y

o

[

£ 12
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(b) Dead rise, 20°.
Figure 11.—Continued.
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(¢) Dead rise, 40°,
Frgure 11.—Concluded.
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Fraurs 12.—Cross sections of brass models
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" Freure 13.—Cross sections of plastic models.
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L-95902:

Frcure 14.—Photograph of flat-plate model attached to towing
carriage.

(a) Flat plate.
Freure 15.—Underwater photographs.

(b) Dead rige, 20°,
Figure 15.—Continued
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(b) Dead rise, 20°.
Fiaure 16.—Continued.
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Ficure 16.—Comparison of total drag with induced drag.
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(¢) Dead rise, 40°.
F1gure 16.—Concluded.
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Ficurs 18.—Variation of l";’ bo

with trim.
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Figure 18.—Continued.
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(¢) Dead rise, 40°.
Figure 18.—Concluded.
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Freure 19.—Effect of wind sereen and spray shield on the lift of a

rectangular flat plate.
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Ficure 20.—Effect of wind screen and spray shield on the drag of »
rectangular flat plate.
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Fraure 21.—Effect of wind screen and spray shield on the center of
pressure of a rectg.ng'ular flat plate.
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(b) Dead rise, 20°, (0) Dead rise, 40°.
Fiaure 22.—The effect of speed on lift coefficient.
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_ Fieure 23.—The effect of speed on drag coefficient.
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Figure 24.—The effect of speed on center of pressure,



24

Lift coefficient, C; s
e
N

A THEORETICAL AND EXPERIMENTAL STUDY

——0 Brass moddl - sharp chines
—— O Plostic moddl - sharp chines
——-a Plastic moddl - 1/64-inch-radius chines
----0 Plostic modd — 1/16-nch-rodwss chines

12k
o8t 12
8
o4k
1 |3 1 ! ] 1 - ] ] ] | I |
0 8 16 24 32 40 48 56 64 72 80 8.8
I
b

Trovre 25.—The effect of rounded chines on the 1ift of a 4-inch-beam

rectangular-flat-plate planing surface.

1ar o Brass model - sharp chines
o Plastic model - shorp chines
12+ 2 Plastic model - 1/64-inch-radius chines
o Plastic mode! - 1716 ~inch-radius chines
a0k
< _~Sharp chines
;c; o8k " ,}1/16-inch-radius chines
(&)
E o86l- Trim, v, deg
s} 18
g
5 O4r s
ozr W——@ .
‘ 8
1 1 ] 1 1 1 ! 1 1 1 1t
(o] 8 1.6 24 32 40 48 56 64 72 80 88
lm
b -

Froure 26.—The effect of rounded chines on the drag of a 4-inch-beam

rectangular flat plate.
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Treure 27.—The offect of rounded chines on the center of pressure of &
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Fiaure 20.—Comparison of lift-drag ratios for flat-plate models having
sharp chines with flat-plate models having rounded chines.
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Ficurs 30.—Lift coefficient due to buoyancy for various speed coeffi-
cients. (Data of ref. 31.) Caleulated value of Cr s was determined
from equation (20) with Cp,,~1.15 (see fig. 32 (c)).
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(a) Data of present report (brass model).

Freurp 31.—Comparigon of proposed theory with experimental lift

coeflicients for rectangular-flat-plate planing surfaces.
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Ficure 31.—Continued.
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(¢) Data of Weinstein and Kapryan (ref. 23).
Ficure 31.—Continued.



Lift coefficient, (:‘,_‘5

REPORT 1355—NATIONAL ADVISORY COMMITTEE FOR. AERONAUTICS

Tq2 -
.68 k
60
64
56
60
52
56
Experiment a8
Trim, 7, deg .
52 o I8 o  2-inch-beam model
L o 24 a4l o 10 -inch-beam model
a8 o 30 —— Proposed theory
—— Proposed theory - . (eg. (23))
(eq. (23)) 40

Lift coefficient, s

12
08}~ -
& | 11 Lt ] 1 i 1 i )

04 |- (o} 8 16 24 32 40 48 56 64 72 80 88
' In

(d) ! 1 1 [ | 1 1. 1 i 1 ] b
0 B 16 24 32 40 48 56 64 7.2 80 88 () Data of McBride (ref. 32).

ln Fieure 31.—Continued.
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(d) Data of Farshing (ref. 12).
Ficure 31.—Continued.
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(f) Data of Wadlin and MecGehee (ref. 31).
Fieure 31.—Continued.
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(g) Data of Shoemaker (ref. 33).
Fieure 31.—Continued.
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Figure 31.—Continued.
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(i) Data of Sambraus (ref. 16).
Frqeure 31.—Continued.
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Fiaure 31.—Concluded.
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Trgure 32.—Comparison of proposed theory with experimental lift (b) Data of present report (44-inch-radius chines).
coefficlents for rectangular-flat-plate planing surfaces having Frqure 32.—Continued.
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Ficure 32.—Continued. Figure 32.—Continued.



.56

52

48

44

Lift coefficient, Cs

T

(e)

A THEORETICAL AND EXPERIMENTAL STUDY OF PLANING SURFACES 403

Experiment
Trim, 7, deg
o 78
n 1.6
155

192

4 a

Proposed theory
(eq. (20) with Cpe= 105)

Tm 7, deg
19.2

155

1.6

78

(e) Data of Christopher (ref. 35).
Fiaure 32.—Concluded.

Experiment
Trim, r, deg
[N 12
o 18
o 24
o 30
o 34
—— Proposed theory
(eq. 23))

.56

.52

48

44
.40

@9

G'36

E

= . 2

g Trim, 7, deg

[+
241, 30
.20 24
16l
18

12k
08 12
o4ar

(CI) L 1 S 1 1 i ! i - o N '
0O B8 16 24 32 40 48 56 64 72 80 88
" in
b
(a) Data of present report.
Figure 33.—Comparison of proposed theory with experimental lift
coefficients for a surface having a 20° angle of dead rise.
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(b) Data of Chambliss and Boyd (ref. 28).
Frqure 34.—Continued.
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Frgure 34.—Comparison of proposed theory with experimental lift
coefficients for a surface having & 40° angle of dead rise.
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- Figore 36.—Comparison of proposed theory with experimental Uft
coefficients for a surface having a basic angle of dead rise of 20° and
horizontal chine flare. (Effective angle of dead rise, 16°.)
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Fiaure 43.—Variation of center-of-pressure location with mean
wetted-length-beam ratio for a surface having a 20° angle of dead rise.
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